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INTRODUCTION 

? o ? ™ W ! t S r m o n i t o r i n g w e l l s DH-1 through DH-11 at the 
between T C l l i t Y *t** H e l e n a ' ^ t a n a j were sampled 
between January 15 through 21, 1985. Samples obtained from 
the w e l l s contarned l a r g e amounts of t u r b i d i t y . Subsequent 

e S f e ^ s 8 ^ 1 ? ? ; C ° n C e r n S r 6 ? a r d i ^ t h e t u r b i d i t y a n S i t s 
e i f e c t s upon the representativeness of t o t a l d i s s o l v e d metal 
samples have been voiced by Systems Technology, Inc Hydro-
me t r i c s , and the Montana State Department o f h e a l t h i n d 
Environmental Sciences. These concerns center arounS ?he 
f o l l o w i n g i s s u e s : 

1. Due to high t u r b i d i t y , some metals samples were 
allowed to stand f o r 1 to 3 hours p r i o r to preser­
v a t i o n . During t h i s time, exposure of the sample 
to an o x i d i z i n g environment and changes i n sample 
pH may have s i g n i f i c a n t l y a l t e r e d the chemical 
e q u i l i b r i u m of the samples and caused s i g n i f i c a n t 
i o n 1 1 5 6 3 i n concentrations o f some d i s s o l v e d metal 

2. P o t e n t i a l l y the m a t e r i a l imparting the t u r b i d i t y 
to the samples has the a b i l i t y to absorb metal 
c a t i o n s from the a q u i f e r water while desorbing 
c a t i o n s which are l e s s p r e f e r e n t i a l l y h e l d . These 
surface r e a c t i o n s may have a l t e r e d the d i s s o l v e d 
metal i o n concentrations of the samples. 

The f o l l o w i n g d i s c u s s i o n attempts to provide s u f f i c i e n t 
i nformation to evaluate these i s s u e s . This i n c l u d e s 
d i s c u s s i o n of the p h y s i c a l processes i n v o l v e d w i t h each 
i s s u e , a review of p e r t i n e n t l i t e r a t u r e , and conclusions 
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regarding the representativeness of the January 1985 ground­
water water q u a l i t y data. The f i n a l p o r t i o n of t h i s memo­
randum summarizes the information presented and provides 
recommendations concerning future samplings. 

SAMPLE PRESERVATION 

The e f f o r t of c o l l e c t i n g a re p r e s e n t a t i v e water q u a l i t y 
sample i s f u t i l e i f chemical r e a c t i o n s occur that a l t e r the 
character of the water between the time the sample i s c o l ­
l e c t e d and analyzed. Commonly, the chemical environment of 
groundwater i s reducing ( l a c k i n g oxygen) and saturated with 
L O 2 . As a sample i s removed from t h i s environment to the 
surf a c e , oxygen enters the sample, causing an increase i n 
the o x i d i z i n g p o t e n t i a l of the sample (Eh) and CO„ w i l l tend 
to gas out of the sample causing an increase i n pH (-log[H+]) 

Figure 1, copied from HEM (1970), presents a pH-Eh species 
predominance diagram f o r i r o n . The h i g h l i g h t e d box i n the 
center of the diagram shows the normal range of pH and Eh 
The f i g u r e i n d i c a t e s that as pH and Eh increase i n s o l u b l e ' 
f e r r i c hydroxide (Fe(OH) ) becomes the dominant species. 
Most metal c a t i o n s behavi i n a s i m i l a r f a s h i o n with i n ­
s o l u b l e p r e c i p i t a t e s tending to form at high Ph and Eh ' 
values. 

In order to i n h i b i t the formation of i n s o l u b l e metal p r e c i p ­
i t a t e s during sample storage, the sample's pH i s lowered to 
l e s s than two. At t h i s pH soluble metal c a t i o n species 
predominate (see Figure 1). i f the parameter.of i n t e r e s t i s 
t o t a l d i s s o l v e d metals, i t i s also necessary to f i l t e r water 
samples p r i o r to a c i d i f i c a t i o n . I f t h i s i s not done, large 
amounts of metal p r e c i p i t a t e s which e x i s t i n a s s o c i a t i o n 
w i t h suspended s o l i d s w i l l be d i s s o l v e d and erroneous values 
of t o t a l d i s s o l v e d metals w i l l be obtained. 

Water samples obtained from the ASARCO monitoring during the 
f i r s t samplings round contained high t u r b i d i t y and required 
f i l t r a t i o n s f o r determination of t o t a l d i s s o l v e d metals. 
Some samples were allowed to s e t t l e from 1 to 3 hours to 
reduce the time and e f f o r t required f o r f i l t r a t i o n . During 
t h i s time the r e a c t i o n p r e v i o u s l y discussed may have occurred 
and a l t e r e d the metal i o n concentrations i n the samples. 

Data presented i n Hydrometric's l e t t e r of February 19 1985 
to John N i c k e l of ASARCO (Attachment A) shows the v a r i a t i o n s 
i n sample pH with time f o r seven samples (Table 1). This 
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Fior/Ri 14.—Fields of stability lor solid and dissolved forms of iron as function of Eh and pH at 
2S°C and 1 atmosphere of pressure. Activity of sulfur species 96 mg/1 as SOr', carbon dioxide 
species 1,000 mgA as HCOi-, and dissolved Iron Q.00M mg/1. 
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c a n t l y a f t e r on? = « " m u t e s and two inc reased s i g n i . f i -

w h e t h L t ^ r s ^ p l e s Y p H v a r i ^ n ^ S / ? 1 3 6 ? ? y t h i s ^ f i s 
sona l experience has shown i L l n S f l r s t . 1 0 minutes . Pe r -
samples w i l l inc rease ^ d ^ L ^ r S S t ^ * r o ™ * ™ t e » 
sampling and then s t a b i l i z e D L f i ? f W m i n u t e s a f t e r 
on sample pH immediately " f i e r s a J ? i l a ? ° f i n f ° ™ * t i o n 
some of the sample 's pH v a r S f ^ p l i n g , and the f a c t tha t 
conclude what impac? ?he delay i n ^ r t ™ * ' £ i S d i f f i < ^ t to 
respec t to chemical p r e c i p i t a t i o n * P f ! S ^ V a t l ° n h a d ' 
pH. P r e c i p i t a t i o n r e a c t i o n s c o n t r o l l e d by 

: Table 1 
PH MEASUREMENTS OVER T I M E 

Sample No. Time C o l l . D a t e 

AEH-8501-118 9:30 
AEH-8501-124 11:30 
AEH-8501-H7 12:30 
AEH-8501-122 3:00 
AEH-8501-125 4:30 
AEH-8501-121 • 9:30 
AEH-8501-126 4:20 m. 

1/18/85 
1/18/85 
1/18/85 
1/18/85 
1/18/85 
1/19/85 
1/21/85 

pH 
1st Read. 
(VLO min.) 

7.65 
7.70 
7.78 
7.69 
7.97 
7.70 
7.49 

ApH 

0 
+ . 
+ . 

01 
01 

-.04 
-.26, 
-.01 
+ .03 

PH 
3rd Read. 
(1 day) 

7.90 
7.70 
7.88 
7.65 
7.70 
7.69 
7.55 

Note: 

ApH 

+ .25 
0.0 
+ .10 
-.04 
-.27 
-.01 
+ .06 

i n a l l cases, sample temperatures and buffer temperatures are the 

• JnXis s^ssr^StSL:1*0 h+ave aiiowed chan*-
i n Eh would only be possible i f I ° 5 , ^ a c t l o n s - This change 
the oxidation-reduction C O n d i t L n t e x i s t e d between 
surface. Water quality d a t l n r t L n J A ™ t h e a q u i f e r a n d the 
nology Inc. memo?andum Yor% r ±T 3 t m s M J ? T ^ ™ T e C h ~ 
copied i n Table 2 suggest that +ho'„ •! \ .Attachment B), and 
the aquifer i s simila? to that S o x ^ a t i o n - r e d u c t i o n within 
indicated by the values of to ta l i * W a t e r - T h i s *a 
iron (ASR) . L a r g e ^oun?f or t o t ^ ( E P A ) a n d d i s s o l v e d 
sample, but o n l y 9

s i n a n amounts nf J - ^ ^ P r e s e»t i n the 
130 ug/e) exis t i n solution T h L t 1 S S O l v e d i r o n (6.3 to 
t y p i c a l of a surface water w^h concentrations are 

C e W a t e r w i t h a neutral pH. Since i t 
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appears th a t the sample Eh remained s t a b l e , i t i s l i k e l v 

2 d n o t e o c c u r ? t i 0 n r e a C t i ° n s a - o c i a t e d w i t h changes i n Eh 

T a b l e 2 

COMPARISON OF USEPA & ASARCO METALS DATA 

Well As Cd 
J Jo . EPA ASR EPA ASP EPA ~ ASR KPA

 S

 S o D m » ~ = = M n — 2 ° . 

Cu Fe Pb Mn 
EPA ASR EPA ASR EPA ASR EPA ASR 

61 z8. 18,300 25. 45 <5. 247 19. 
6.4 <8. 111 6.3 4.6 <5. 101 120 
18. <8. 5,780 25. 11 <5. 196 100 
343 <8. 62,500 25. 51 <5. 4,390 41 

5,500 13. 219,000 130 26,000 <5. 12,400 2,800 
156 9. 16,600 63 170 z<5. 4,310 4,800 

EPA ASR 

DH-2 26 8. <4. <1. 
DH-3 7 8 7 <M * i / I T " **' 2 4 7 1 9 « 3 4 9 HO 
DH-3R 5 4 7 1 \ t 8 ' 1 1 1 ^ 4 ' 6 < 5 - 1 Q 1 120 156 180 
DH-7 £ ' £ * ' ! : " I ' 5 ' 7 8 ° 2 5 ' " <5- 196 100 155 170 

5 * 4 - < X - 3 4 3 < 8 - 62,500 25. 51 <5 4 390 AT a*i 
DH-9 22,000 6. 500 5. 5.500 13. 2 l0 .nnn „ o « i f _ _ 4 1 3 4 1 1 1 

DH-10 5,800 5,100 <z4. 3. 
551 71 

Work done by the I l l i n o i s State Water Survey, 1981 inves-

c o n c e S r S o L ' ^ f 3 ° f d e l a y e d S a m p l e P-ser^ation'upSn the 
concentrations of seven metal c a t i o n s . The r e s u l t s are 
presented i n Table 3. These show that Ca, K Mg Mn and Na 
were not s i g n i f i c a n t l y a f f e c t e d by the delays i n sample 
p r e s e r v a t i o n . This i s not s u r p r i s i n g due to the f a c t that 
n i ^ ^ a n l t S n d f ° r m i n - l ^ l e g p r e c i p i t a ? L on ly a f 
o f g F e P a n d Zn s n ^ t T T ^ ™ ' , I n c o n t r a s t , concentrations 
p r e s e r v a t i o n ? ^ dramatic decreases w i t h delays i n sample 

^^^•in^^cr^is:which may behave sim?iar 

Based upon a v a i l a b l e i n f o r m a t i o n , i t i s not p o s s i b l e to 
q u a n t i t a t i v e l y evaluate the impact of the delays i n sample 
p r e s e r v a t i o n which occurred during the f i r s t q u a r t e r l y 
sampling round of groundwater monitoring w e l l s at ASARCO 
The only statement that can be made i s that i t i s p o J s i b i e 
t h f d e i J v s ^ i n ^ a m o ^ 1 1 9 6 3 ^ W a t 6 r c h e - ^ r y o c c u r r e T d u r i n g tne delays m sample p r e s e r v a t i o n and that these chancres i n 
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Table 3 
SITE 5-BRD and 6-DUP: ANALYSIS OF THE TENTH WELL VOLUME 

SAMPLE USED FOR STORAGE STUDY 
(CONCENTRATIONS IN mg/L) 

Site 5-BRD 

Hours after collection-
before preservation 

0 
7 

24 
48 

Site 6-DUP 

Hours after collection-
before preservation 

0 
7 

24 
48 

*ND = not detectable. 

_E2_ Ca Fe _K Mg Mn Na Zn 

6.7 111. 11.6 32 44.6 3.81 186 0.18 
7.0 110. 0.33 31 41.9 3.15 172 0.02 
7.0 104. <0.03 35 41.4 3.10 181 0.02 
7.0 99. 0.03 33 39.5 2.98 171 0.02 

6.8 32.5 5.74 189 94.2 ND* 215 ND* 
7.2 35.2 <0.08 203 110. ND* 242 ND* 
7.2 32.0 <0.08 204 96.6 ND* 223 ND* 
7.2 30.1 0.34 184 89.1 . ND* 204 ND* 

A D S O R P T I O N - D E S O R P T I O N BY C O L L O I D A L M A T E R I A L S 

Whenever a f o r e i g n o b j e c t i s in t roduced i n t o an aaueous 

H H T e n l t ^ L T ^ l T a d S ° r b a n d / ° r ^ « o r b ° c h i . i S ; 0 S « -
i S Th i s w i l l cont inue u n t i l the ra tes o f a d ? o ™ t i ™ 

and deso rp t ion are equal and e q u i l i b r i u m i s ob ta ined m £ 
" ^ ^ 1 ^ t 0 r ^ C h e ^ " ^ r i u m

0 i s a a l n r u n o t I o n 

:utr^ trmiof forei^ -^s aundihenvowTfous 

water which the ob j ec t i s exposed. 
I t A S A R S n h t ^ S q r o u n d w a t e r moni to r ing w e l l s cons t ruc ted 
I S l v d r l f 5 * ™ ? ? 3 3 T C W S l 1 S C r e e n ' q r a v e l P a c ^ , and 
were l i r J o d u c e d )ntn f r 0 ? a b ° V S t h e Z o n e o f s a t u r a t i o n were in t roduced i n t o the groundwater system. PVC w e l l screer 
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the surrounding water qurokryf " ' r e a C h e<3"ilibrium wi?h 

they have high Cation E x c h a ™ r c h e m i c a l c o n s t i t u e n t s i f 
large q u a n t i f i e s . Tf I n T s e l l n a l ? ^ ^ ( C E C ) a n d e x i s t i n 
w i l l adsorb and desorb metal " S, a r e m e t ' d r H l c u t t i n g s 

through b a i l i n g ^ o T c o ^ ^ ^ T O r S ^ 

S l l ^ ^ S t ' j S 1 ^ Sugge^tld^ha'ftfARC0 

r i a l a s s o c i a t e d with the t u r b i d ? ^ • " e c o l l°i<ial mate-
metal c a t i o n s . More s p e c i r l c a ^ v 7 Jh J ^ " 9 a s a s i n k f°r 

c n e s m a l l , more h i g h l y 
exchange f o r l a r g e r , 
Ca , and Mg . 

This exchange of catinnq ,H n -, 
producing the t u r S ? S i ? 5 \ ^ J ^ d L f S T i f t h * m a t ^ i a l s -
of the a q u i f e r being monitored A?? from an area outside 
a q u i f e r should be i n eo u T f ? ^ - A x l m a t e r i a l s w i t h i n the 
t h e i r long contact rime wiJh S e " X t h

€

t h * a W ^ r due to 
d i s s o l v e d metals. t h e a < 3 u i f e r water and i t s 

The monitoring w e l l s at ASARrn 
stem and a i r r o t a r y dr^lli™ Z j S ^ c°nstructed using hollow 
ing methods involved c i r c u i t ™ ^ . N e i t h e r of these d r i l l -
c u t t i n g s were removed d i r e c r ^ r r o m S ^ J f ^ t i a g s . D r i l l 
the mechanical a c t i o n of the L l l r a t t \ ° l e e i t h e r through 
a i r r o t a r y r i g . This i p J f . ? f o r t h e a i r l i f t of the 
c o l l o i d a l m a t J r i a f o S s e r v f d i n ̂  C ° ? ? 1 U s i o n t h a t the saturated zone. O D s e r v e d m the w e l l came from the 

The worst case would be if 3 n f u-^-
r i a l s c a r r i e d down from a b o v ^ \ - f u r b l d l t Y i s caused by mate-
m a t e r i a l has a high ca?ion e t o h l t a T ^ t a b l e a n d t h a t ^ e 
condi t i o n s i t i s l i k e l y that c a p a c i t y . Under these 
e q u i l i b r i u m q u i c k l y Sue to S a S r n ^ " ^ 1 W ° U l d C o m e t o 

r i a l during w e l l p a g i n g , we L v ^ " * J h r O U g h t h e m a t e " 
flow of groundwater durina thp d e v e l o P ^ n t , and by n a t u r a l 
completion and sampling m ° n t h b e t w e e n w e l l 
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Attempts to estimate the volume of water required to b r i n g a 
f i x e d amount of c o l l o i d a l m a t e r i a l s to e q u i l i b r i u m w i t h the 
water q u a l i t y were made. These c a l c u l a t i o n s could not be 
made due to the complex chemical r e a c t i o n i n v o l v e d . Despite 
t h i s , i t may be stated that adsorption and desorption of 
metal ions by c o l l o i d a l m a t e r i a l probably had l i t t l e e f f e c t 
upon the water q u a l i t y of the samples obtained from the 
groundwater monitoring w e l l s . This statement can be made 
since i t i s l i k e l y only small amounts of m a t e r i a l was i n t r o ­
duced from above the water t a b l e and t h i s m a t e r i a l i n a l l 
l i k e l i h o o d reached e q u i l i b r i u m with the formation water 
p r i o r to sampling. 

CONCLUSIONS AND RECOMMENDATIONS 

The c o l l e c t i o n of re p r e s e n t a t i v e samples from groundwater 
monitoring w e l l s i s not a s t r a i g h t f o r w a r d or e a s i l y accom­
p l i s h e d task. I t re q u i r e s c a r e f u l c o n s i d e r a t i o n of the 
hyd r o l o g i c and chemical c o n d i t i o n s e x i s t i n g at each monitor­
ing l o c a t i o n . The questions concerning the r e p r e s e n t a t i v e ­
ness of the groundwater samples obtained from ASARCO during 
the f i r s t q u a r t e r l y sampling i s a good case i n p o i n t . 

Due t o delays which occurred between sample c o l l e c t i o n and 
p r e s e r v a t i o n , the p o t e n t i a l f o r metal ion p r e c i p i t a t i o n and 
subsequent removal through f i l t r a t i o n e x i s t s . The degree to 
which t h i s occurred i s d i f f i c u l t to assess due to a lack of 
data d e f i n i n g the samples' chemical c h a r a c t e r i s t i c s (pH & 
Eh) immediately a f t e r sampling. At present i t can only be 
sta t e d that the samples have a p o t e n t i a l l y negative bias f o r 
some metal ions (metals concentrations l e s s than a c t u a l ) . 

More s p e c i f i c conclusions could be made i f a d d i t i o n a l i n f o r ­
mation i s obtained on the amount of time each sample was 
allowed to stand p r i o r to p r e s e r v a t i o n , and under what con­
d i t i o n s each sample was stored during t h i s time. 

Due to the high t u r b i d i t y found i n the monitoring w e l l s , the 
p o t e n t i a l f o r c o l l o i d a l m a t e r i a l to act as a sink f o r metal 
ions e x i s t s . Based upon the a v a i l a b l e information concerning 
the methods of d r i l l i n g and the time between w e l l completion 
and sampling, i t appears that t h i s i s not an important i s s u e . 
S t i l l i t i s not p o s s i b l e to t o t a l l y d isregard t h i s i s s u e . 

A d d i t i o n a l information which would a i d i n ev a l u a t i o n of t h i s 
i s s u e i n c l u d e s the volumes of water removed during w e l l 
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development at each w e l l and r e l a t i v e degrees of t u r b i d i t y 
encountered at each w e l l . 

Since the representativeness of the water samples cannot be 
c l e a r l y e s t a b l i s h e d at t h i s time, d e c i s i o n s must be made 
regarding r e s o l u t i o n of the is s u e s . Steps taken toward 
r e s o l u t i o n of the issues should i n c l u d e : 

o Obtain the information mentioned i n the previous 
paragraphs and attempt to i d e n t i f y s p e c i f i c w e l l s 
where the issues discussed are important. 

o Compare the f i r s t quarter's a n a l y s i s with future 
data to see i f the r e s u l t s appear to be represen­
t a t i v e of the groundwater q u a l i t y at each s i t e . 

o I f the data cannot be v a l i d a t e d through these two 
steps, o b t a i n another q u a r t e r l y sample from the 
w e l l s i n January of 1986. 

An a d d i t i o n a l option f o r r e s o l u t i o n of the is s u e s has been 
proposed by Hydrometrics i n t h e i r l e t t e r to Mr. Gene Taylor 
of the EPA, A p r i l 12, 1985 (Attachment C). In t h i s l e t t e r 
they propose to s p l i t metal samples. One s p l i t w i l l be-
f i l t e r e d and a c i d i f i e d , the other a c i d i f i e d and then f i l ­
t e red . 5 to 1 hour l a t e r . Hydrometrics f e e l s t h a t t h i s w i l l 
"provide some information on the r e l a t i o n s h i p between metal 
concentrations and t u r b i d i t y . " I f no d i f f e r e n c e i s seen 
between the samples i t may be stated t h a t n e i t h e r the 
t u r b i d i t y or the delays i n sample p r e s e r v a t i o n a f f e c t e d 
metal ion concentrations. 

Hydrometrics' proposal has seve r a l l i m i t a t i o n s . F i r s t of 
a l l i t seems u n l i k e l y that a s i g n i f i c a n t d i f f e r e n c e w i l l not 
e x i s t between the samples. Secondly, the geochemical environ­
ment during the next sampling round may be very d i f f e r e n t 
from that which e x i s t e d i n January. Despite these l i m i t a ­
t i o n s the idea does have merit and i s worth c o n s i d e r i n g . 

In order to remove these issues from future groundwater 
samplings, the f o l l o w i n g recommendation i s made: 

A l l metals samples should be f i l t e r e d and preserved 
immediately a f t e r sampling. I f t u r b i d i t y continues to 
i n h i b i t sample f i l t r a t i o n , two options are a v a i l a b l e . 
Step f i l t r a t i o n system may be used. These systems use 
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m u l t i p l e f i l t e r s of v a r y i n g s i z e and work qu i t e e f f e c ­
t i v e l y on t u r b i d samples. I f t h i s i s not f e a s i b l e , a 
nondisruptive method of borehole evacuation should be 
used ( i . e . , bladder pump). Use of a b a i l e r to evacuate 
a monitoring w e l l w i l l surge the w e l l and d i s r u p t s e d i ­
ments w i t h i n the formation. Bladder pumps remove water 
at low r a t e s (1 to 2 g a l l o n s per minute) and tend not 
to d i s r u p t the sediments and, hence, y i e l d samples w i t h 
low t u r b i d i t y . 
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